of neutron transport phenomenon, the following simple one. A neutron, moving straightly in a bounded homogeneous medium D with unit speed, will collide with a nucleus at random time T which is exponentially distributed with mean 6~l. If a collision occurs, then n neutrons are produced with probability p n , n = Q, 1, 2,---. Each of new particles, the direction of which is isotropically distributed, performs a similar motion as the original one independently each other. On the other hand, a neutron is absorbed (extinct) if it leaves the medium. In order to formulate the above branchinĝ process as a Markov process on S, it is sufficient to specify the nonbranching part X°t, which is a Markov process on G, and the branching system {/>«(*), x n (z, dj\ zeG, y£S w K =0 [2] . Intuitively, X°t is the motion of a neutron before collision or before it leaves the domain, and branching system represents the law of new born neutrons when collision occurs; p n (z) is the probability that the original particle is replaced by n new particles when collision occurs at z and n n (z, dy) is the distribution of the position of these n particles. They are given as follows; let x t be a uniform motion process on R 3 X J2, i.e., a particle starting at (x, a)), is at (x + ta), a)) in time t, and r' be the hitting time of the process x t for 9G.
Define X°t as
where T is an exponential time with mean 6~l independent of the process Xf Let, for a given probability sequence {/>"}, is the probability law of the process under the condition that there is initially one particle at (x, a)) EG. We will adopt this branching process as our model of the neutron transport.
For every function f(z) on G, / and / are functions on S defined in the following way;
Further, the following notations are introduced; From Q2], the following relations hold. For every /€EBi(G) 5 we define
On the other hand, if /EB(G), then 
Furthermore, it can be proved easily, as in CIO], that q is the smallest solution among all solutions of (2.1) satisfying 0<^u(x, <0)<O.
We can prove also the following lemma as in [[10] ,
Let £(*, j; ^) be the function (Te-^^1*^1/^ | *--y| 2 on DxD for each A and c* be the largest positive eigenvalue of the integral operator on C(Z)) induced by the kernel E(x, j; 0). Equation (2.2) has always the trivial solution u(x, a))=l. Therefore, the extinction problem is equivalent to that of the uniqueness of the solution for equation (2.2). If we set
Lemma 2.2 (Pazy-Rabinowitz [8]). // F[l]^c*, then (1.6) has no non-trivial solution and hence q(x, 60) = 1. On the other hand if F']~l~\>c* then it has the unique non trivial solution which is, therefore, equal to q(x, o)). Furthermore, q(x, o))<l if (x, a))£G -dG and inf q(x,
then the following lemma holds. In this case, q(x, ft)) = l, i.e. P(* f0> )(e 9 < + °°) = lim g(£, #, to) =1. If we define u(t, x, ft)) = l-T t g(x, a)) for each ^6Ci(G), then it tends to 0 as £-»°o 5 
Lemma 2.3. There exist positive constants T Q and p such that for every t>T Q , and for every
(2.4) \\M,f(x, a>)-e at (f, <&*),&(*,
since ^(^, x, a))<^T t g(x, a)).
We shall discuss the rate of convergence assuming 
where £ is a constant satisfying 0 <£<--. Then from Lemma 2. 
where c is a positive constant. Therefore,
for some positive constant <J, and the theorem is proved if we show that r(g) is positive. Since the left hand side of (3.9) is non negative, F(g) >0, and it is sufficient to check that F(g)=^Q. We can prove the following Lemma in a similar method as above using the inequality Critical Case (a = 0, or
In this case, the extinction probability q(x, a)) is also identical to 1 as in the sub-critical case. But Lemma 2.3 shows that the expected number of neutrons does not tend to zero as t->oo. We shall study the 
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Since l -e~g lt <^g/t, we have
where ki is some positive constant independent of g.
For the proof of theorem, it is sufficient to show the existence of the constants a and 6, 0<6<1, such that, for g GC^ and ||g|l<Ca, then for each n (n = l, 2,.-.,), Now take o>0 such that the bracket in the right hand side of (4.15) is less than b and \Q(g, 0*)|<1 for every ||g||<Ja. (We can determine such a independent of n.)
Then, for every g, \\g\\<^a, we have \J 
We need, further, the following two lemmas. By the definition, In this case, the extinction probability q(x, a)) satisfies 0<g(#, co)< 1, (^5 o))^9G and g(^, o))~ 1, (A;, a))€E9G. We shall investigate the rate of convergence of g(^, x, ft)) to ^(A;, ft)), under the assumption that
In this case, we shall consider the following equation instead of (1.6),
Since there exists a positive constant a such that q(x)^>a 9 we can obtain as Lemma 2.3, the following estimate; if we denote the semigroup corresponding to (6.2) by M t , then for every /6C(£)(or £>(£)) (6.3) where S is a positive constant, 7" is the eigenvalue of B with maximal real part and ^0?*) is the eigenfunction of 5 (resp. B*) corresponding to T-The precise meaning of the above estimate is same as Lemma 2. Then it follows from the following lemma that /*i(0)<l, and therefore r<o. First, we consider the supercritical case. Then, the extinction probability is non-trivial, that is, there is a positive probability that neutrons do not vanish and the number of them tends to infinity.
We shall discuss the asymptotic behaviour of the distribution of the neutrons under the assumption that F"Ql]<co.
By the general theory of branching Markov processes (C2]) 3 Using this lemma, we can prove the following results as in Harris [1] , and [10] . 
